Developmental and behavioural problems in children with severe acute malnutrition in Malawi: A cross-sectional study Background Early childhood development provides an important foundation for the development of human capital. Although there is a clear relation between stunting and child development outcomes, less information is available about the developmental and behavioural outcomes of children with severe acute malnutrition (SAM). Particularly an important research gap exists in Sub-Saharan Africa where there is a high prevalence of SAM and a high rate of co-occurring HIV (human immune deficiency virus) infection. Our first objective was to assess the prevalence and severity of developmental and behavioural disorders on a cohort of children admitted to an inpatient nutritional rehabilitation centre in Malawi. Our second objective was to compare the developmental and behavioural profiles of children with the two main phenotypes of SAM: kwashiorkor and marasmus.
VIEWPOINTS PAPERS
Early childhood development provides an important foundation for the development of human capital. For the first time, child development is included in the new Sustainable Development Goals (SDGs) [1] . In the recent series on child development in The Lancet, it is now estimated that children in Sub-Saharan Africa are the most "at-risk" for not reaching their developmental potential (66% in 2010) [2] . The first "1000 days" of life (conception to age 2) are particularly crucial for both nutrition and child development [3] . During this time, rapid growth, including brain development, places high demands on nutrition [3] .
Previous literature has described the complex interactions between malnutrition, developmental delay and neurodisability, although clinically it is not always easy to explain a cause-effect relationship [4] [5] [6] [7] [8] . Furthermore, it is known that children with neurodisability (eg, cerebral palsy) have a higher risk of malnutrition [4, 9] . Conversely, it is also clear that malnutrition is an important risk factor for poor child development [5, 10] . In particular, there are strong associations identified between stunting (chronic malnutrition, defined by low height-for-age) and motor and cognitive development in children two years of age or younger [5, 6, 11, 12] . Less attention has been paid to behavioural outcomes in malnourished children [13] . Scarce evidence suggests some differences in behaviour, eg, more negative affect, reduced activity, play and exploration between children who are stunted and those who are not [14] .
In contrast to the amount of evidence on stunted children, developmental and behavioural outcomes in children with severe acute malnutrition (SAM) have hardly been studied. With SAM affecting some 19 million children worldwide, this is an important evidence gap [11] . The event of an acute extreme calorie shortage in children with SAM could have different implications on a child' s developmental outcome other than the chronic shortage of calories that occurs in children who are stunted [15] . GranthamMcGregor' s seminal papers did describe poor levels of development (cognitive and educational) in children post-SAM in Jamaica at the age of 2 years and further work followed up 17 of these children to 14 years [16] [17] [18] . These studies were conducted pre-HIV (human immune deficiency virus) and used different case definitions and treatment strategies for SAM thus limiting the applicability to todays' SAMaffected populations. Only one other study has investigated developmental outcomes of children with SAM as part of an intervention study in Bangladesh. HIV status was not mentioned in this study and it is unclear how the Bayley' s Scales of Infant and Child Development (2nd version) had been adapted and validated for use in Bangladesh [19] . To our knowledge, no studies have investigated the developmental and behavioural outcomes of SAM in Sub-Saharan Africa where there is a high rate of co-occurring HIV infection in children with SAM [15, 20] . "Play therapy" is one of WHO' s "10 steps" in the treatment of inpatient SAM but it is unclear how many nutritional rehabilitation centres are actually managing to implement this [21] . In order to inform policy makers and justify future developmental interventions in this population, further evidence is needed on not just the developmental but also the behavioural outcomes of SAM in this setting [22] . The primary aim of this study was to assess developmental and behavioural problems in children with SAM at time of hospital discharge in Malawi. Our first objective was to assess the prevalence and severity of developmental and behavioural disorders on a cohort of children admitted to an inpatient nutritional rehabilitation centre in Malawi. Our second objective was to compare the developmental and behavioural profiles of children with the two main phenotypes of SAM: kwashiorkor and marasmus.
METHODS

Study design and setting
This was a cross-sectional observational study, covering all children hospitalized for treatment of SAM in the nutrition ward of Queen Elizabeth Central Hospital (QECH), in Blantyre, Malawi, over an 8-month period from February to October 2015. QECH is a tertiary referral hospital but mainly serves as a district hospital. Children with SAM either self-present or are referred by local health category with "complicated" SAM: they have medical problems requiring inpatient care (eg, Integrated Management of Childhood Illness danger signs; pneumonia, diarrhoea); or have failed an "appetite test" (defined as the inability to eat Ready to Use Therapeutic Food) [23] . The height, weight and mid-upper-arm circumference (MUAC) of children were measured using standard WHO-based protocols and assessed using WHO 2006 child growth standards [24] .
Children were defined with marasmus when they presented with MUAC<11.5cm for children less than 5 years old, or a weight-for-height z-score<-3 on the WHO growth standard [24] . Children were defined with kwashiorkor if they presented with bilateral nutritional oedema [24] .
Our study included children who were participating in the "F75 trial" [ClinicalTrials.gov Identifier: NCT02246296], a randomized controlled trial of a reduced carbohydrate formulation of F75 therapeutic milk vs the traditional "F75" therapeutic milk, among children aged 6 months to 8 years with SAM. Both types of milk were only used for a short duration during the stabilisation phase and therefore would likely have no effect on the developmental outcomes. Our sample size was determined by the inclusion of children in the main study. We undertook developmental and behavioural assessments on discharge from the unit when children were clinically stable, finishing all food and had a good appetite as assessed by the clinician. Children were excluded if their parents refused to give informed consent.
Measures
A trained and experienced research assistant (KC) with 2 years of experience with the Malawi Developmental Assessment Tool (MDAT), as well as training on the WHO UNICEF Care for Child Development Package, administered the measures of both child development and behaviour in a quiet room next to the malnutrition unit. The caregiver was present during the complete assessment. During the study period, the development assessments were independently observed by two of the authors, both paediatricians (MH, WV). In addition, after 3 months KC participated in a refresher course of the development assessment tool.
The Malawi Development Assessment Tool (MDAT)
The MDAT is a culturally relevant developmental assessment tool that has been created for the use in African settings [25] . It examines development in the domain of gross motor, fine motor and language development through direct observation of the child as well as social development through questions to the caregiver. Cognitive items are embedded in the fine motor and language domains of the MDAT. It has 136 items (34 in each domain of development). Items are scored as "pass" or "fail" and if the child is uncooperative as "don't know". The MDAT has demonstrated good construct validity and sensitivity in predicting moderate to severe developmental delay in children from birth to 6 years of age and has normative values for a population of children which reflect the demographic and health surveys of the population [25] . The MDAT has good reliability in the healthy Malawian children (standardized Cronbach' s alpha 0.98 for all domains [26] ) and in our SAM population without neurodisabilities (n = 121), reliability was good for the fine motor and language domain (standardized Cronbach' s alpha 0.84 and 0.81 respectively) and acceptable for the gross motor and social domain (standardized Cronbach' s alpha: 0.76 and 0.77 respectively).
The MDAT has also demonstrated good sensitivity in detecting more subtle developmental problems in children with marasmus [25] . We calculated MDAT z-sores with the use of the MDAT reference population scores [25] . A domain z-score<-1.64 is suspect for developmental delay; this z-score identifies children who are performing worse than 68.26% of the normed population.
During the MDAT assessment, child and maternal behaviour was observed by the research assistant and reported in an observation form. This form had been adapted from the Behavior Observation Inventory from the Bayley Scales of Infant and Toddler Development [27] . It consisted of 5 items reporting about the child' s affect, engagement, anxiety and cooperativeness and about the caregiver' s involvement during the assessments. These five questions were chosen based on a previous study rating children' s behavior during development assessments in anemic children in a low-income country [28] . Since our research assistant was the only one using this observation tool, it was not translated.
Strengths and Difficulties Questionnaire (SDQ)
The SDQ is a brief 25 item behavioural screening instrument. It is subdivided into four difficulty scales; emotional symptoms, conduct problems, inattention-hyperactivity, peer problems, and a separate fifth strength scale that enquires about the child' s behaviour in normal social interactions the "prosocial behaviour" scale [29, 30] . All subscales had five questions each. An impact supplement inquires further about the existence, chronicity, and distress of problems, social and learning impairment, and burden to others [14] . Each item has to be scored on a 3-point scale with 0 = "not true", 1 = "somewhat true" and 2 = "certainly true". An example of a question in the inattention-hyperactivity subscale is: "Restless, overactive, cannot stay still for long". The SDQ Total Difficulties Score (TDS) can be calculated by aggregating the scores for each difficulty scale, a higher SDQ-TDS indicates more emotional and behavioural problems. The SDQ has been used worldwide, including low-and middle-income African countries [31, 32] . The SDQ has been translated into Chichewa (Malawian language), however no standardized reference values are available in Malawi (or any other African country) [33, 34] . The SDQ has been validated in children older than 2 years [35] . The research assistant therefore only administered the SDQ to caregivers of children 2 years and older in our study. The internal reliability of the SDQ-TDS in our study was 0.73 (standardized Cronbach' s alpha) in children with SAM without severe neurodisabilities (n = 51), which is considered to be acceptable.
Covariates
Neurodisability (ND) and HIV infection are common problems underlying SAM in our setting and are associated with poorer outcomes [4, 15] . Children with ND will, by definition, have developmental delays in some areas and are more likely to have emotional and behavioural problems [36, 37] . In our study, children were considered as having a ND if the caregiver provided a history of severe developmental delay and/or cerebral palsy at admission or this history was described in the child' s health passport.
Children with HIV have a higher risk of developmental and behavioural problems [38, 39] . All children admitted with SAM were offered an HIV antibody rapid test (Abbott Laboratories, USA) as standard of care. If this first rapid test was positive, a "Uni-Gold" test (Trinity Biotech PLC, Ireland) was performed. If both tests were positive, children were considered to have an HIV infection. Baseline data about the use of co-trimoxazole prophylaxis and/or antiretroviral therapy was collected.
The following other clinically important covariates were also collected: age, sex, child disease characteristics reported during the hospital admission (severe pneumonia, diarrhoea, malaria) and family characteristics (details on the primary and secondary caregiver and parental education level).
Analysis
We used descriptive statistics to evaluate the child' s background characteristics and the child and caregiver' s involvement in the development assessment. χ 2 tests were used to analyse differences in child health and family characteristics between the marasmus and kwashiorkor group.
For the MDAT domains, z-scores, means and standard deviations were calculated for the entire SAM group and separately for marasmus and kwashiorkor patients. The proportion of children that had a delay in a MDAT domain (ie, had a domain score<-1.64) was computed for all groups. In addition, we examined the association between the type of SAM (marasmus or kwashiorkor) and MDAT domain z-scores with linear regression analysis. Second, we performed a linear regression analysis adjusted for clinically important covariates: gender, HIV, no education or some primary education of the primary caregiver and passive mother involvement during MDAT assessment. All children with pre-existing ND and children older than 6 years were excluded from the MDAT analysis.
Finally, we evaluated the SDQ scores in children with only SAM (SAM Only), in children with SAM and a concurrent HIV infection (SAM + HIV) and children with SAM and a pre-existing ND (SAM +ND). We used analyses of variance (ANOVA) to test for differences between these groups. All data was analysed with IBM SPSS version 20 software (www. ibm.com, New York, NY, USA).
RESULTS
Our study period was 3 months shorter than the F75 trial. In this period a total of 249 children were included, 46 (18.5%) died and 189 were discharged to community care; 39 (20.6%) children were lost to follow-up at discharge.
Reasons for loss to follow-up at discharge included that some parents wanted to leave the hospital before the developmental assessment could be done and the unavailability of our research assistant. Figure 1 shows the flowchart for Figure 1 . Flowchart for data collection. SD -standard deviation. data collection. Our final study population included 150 (79.4%) children discharged after an admission with SAM to outpatient-based care with a mean age of 27.2 months (standard deviation (SD) 17.9). In our study population, 83 (55.3%) were boys, 27 (18%) had pre-existing ND and 34 (22.7%) had a concurrent HIV infection.
Characteristics of the marasmus and kwashiorkor groups Table 1 shows the background characteristics according to nutritional diagnosis. Children with marasmus had a significant higher percentage of HIV (35.4% vs 12.9%, P = 0.001) and pre-existing ND (26.2% vs 11.8%, P = 0.023) compared to those with kwashiorkor ( Table 1 ). There were no other statistically significant differences in child health and family characteristics between the two groups.
Developmental outcomes
All children with SAM experienced profound delays in the gross and fine motor, language and social domains ( Table 2) . Only the language domain mean z-score in children with marasmus had a score above the cut-off score for a delay (<-1.64). Of all children with SAM, 80% had a delay in the gross motor domain, this included 41 (85%) of the children with marasmus, and 57 (78%) of the children with kwashiorkor ( Table 2) . 32 (44%) children with kwashiorkor compared with 16 (33%) of the children with marasmus were identified with a delay in all 4 MDAT domains (P = 0.250).
Linear regression analysis demonstrated that children with kwashiorkor had a significantly lower language MDAT z-score than children with marasmus (-0.75; 95% confidence interval (CI) -1.43 to -0.07), adjusted for covariates (Table 3) . Additionally, in the unadjusted linear regression analysis children with kwashiorkor had a significantly (P = 0.024) lower social MDAT z-score than children with marasmus, but this effect became non-significant when we adjusted for covariates (P = 0.056). The other MDAT domain z-scores did not differ with statistical significance between children with marasmus and kwashiorkor ( Table 3) .
Approximately a quarter of the children with SAM were not engaged: and 19% of those with kwashiorkor and 25% of those with marasmus were described as "mostly sad" during the developmental assessments. In 31% and 27% of kwashiorkor and marasmus cases respectively, mothers were described as "passively watching" and not engaged in the child' s play. There were no significant differences in the child' s affect (P = 0.210) engagement (P = 0.670), anxiety (P = 0.600) and cooperativeness (P = 0.740) of the child and in the caregiver' s involvement (P = 0.370) between the marasmus and kwashiorkor groups ( Table 4) .
Behavioural outcomes
The mean (SD) SDQ-TDS scores were 10.1 (4.2), 12.2 (5.5) and 15.5 (3.8) in the children with SAM Only, SAM+HIV and SAM + ND respectively. Table 5 describes the SDQ Total Difficulties scores and the scores on the different subscales of the SDQ. The children with SAM+ND had a significantly higher SDQ- MDAT -Malawi Development Assessment Tool, SAM -severe acute malnutrition, SD -standard deviation *Children with pre-existing ND (n = 27) and children older than 6 years (n = 2) were excluded from this analysis. MDAT -Malawi Development Assessment Tool CI -confidence interval *Children with pre-existing ND (n = 27) and children older than 6 years (n = 2) were excluded from this analysis †Adjusted for gender, HIV, no education or some primary education of the primary caregiver and passive mother involvement during MDAT assessment. B-coefficients are estimates for difference in MDAT domain z-scores in children with kwashiorkor. SAM -severe acute malnutrition, HIV -human infectious virus, SD -standard deviation, ND -neurodisability *SAM only: 3 children missing. †SAM + HIV group: children with both SAM and HIV: 1 child missing ‡SAM + ND group: children with both SAM and a pre-existing neurodisability: 2 children also were HIV positive. §ANOVA analysis demonstrated a significant difference between the SAM only and SAM+ ND group (P < 0.001) and between the SAM+HIV and SAM+CP group (P = 0.048).
TDS score than the children with SAM Only (P < 0.001) or children with SAM+HIV (P = 0.048). We found no statistically significant differences in SDQ-TDS scores between the children with SAM Only and those with an HIV infection (P = 0.130). No calculations were done to examine the different subdomains between the different groups because of the small sample size.
DISCUSSION
We report on the severe developmental delays present in a well-characterized clinical population of children admitted with SAM to a nutrition rehabilitation unit in an African setting in a first study on this topic for decades. We have confirmed previous findings showing that SAM is associated with severe developmental delay. Moreover, our results indicate that there might be a significant difference in developmental attainment between children with kwashiorkor and with marasmus. Our study is unique in adding to the very sparse literature describing child behaviour as well as child development in young children with SAM.
In our study, children with kwashiorkor had a significantly worse language delay compared to children with marasmus at discharge. One explanation for this could be a difference in neurological involvement between kwashiorkor and marasmus. The striking neurological irritability of children with kwashiorkor has been identified as an important clinical feature [40] . However a recent case-report series did not reveal a difference in cerebral MRI findings between children with marasmus and kwashiorkor [41] . Secondly, the difference in language delay could be explained by a difference in the social environment between children with kwashiorkor and marasmus. Rytter et al. described lower breastfeeding rates in children with kwashiorkor, which might be related to decreased maternal care and stimulation [42] . Alternatively, the difference in language delay could be related to the differences in pathophysiology between kwashiorkor and marasmus. Recent evidence has linked the gut microbiome as being a causative factor in kwashiorkor [43] . Some have proposed that the immaturity of the gut microbiota (as seen in kwashiorkor) leads to the lack of production of important neurotransmitters and agents which are linked to brain development in children such as insulin-like growth factor (IGF-1) [44] . However studies comparing the microbiome of children with kwashiorkor and marasmus are still lacking.
Our study examined the child' s social -emotional skills using direct observation (rated during the MDAT assessment) and with the use of two different questionnaires (MDAT social domain, SDQ). When examining the behaviour outcomes of children with SAM, we found different SDQ scores than previously reported in a World Bank evaluation of Malawian preschool (n = 1815) children attending community based childcare centres [34] . In the preschool group, the mean (SD) SDQ TDS was 13.9 (5.0) and the mean scores (SD) for the domains were: emotional problems (3.7 ± 2.3), conduct problems (3.0 ± 2.2), hyperactivity/inattention problems (4.5 ± 2.0), peer problems (2.6 ± 1.8) and the prosocial subscale (6.0 ± 2.4). Surprisingly, the mean SDQ TDS in the preschool children was higher than the mean SDQ TDS of the children in our study with SAM and SAM and HIV. In addition, the prosocial behaviour score was very low (3.2 ± 2.0) in children with SAM compared to the preschool children (6.0 ± 2.4), indicating a lack of sensitive behaviour in social interactions in our study population. An explanation might be that the children in our study did not demonstrate a high level of problematic behaviour because they were subdued and not very interactive indicated by the high level of children that were observed to be "not engaged" and "mostly sad" during our behaviour observation and the low MDAT social z-scores. The SDQ might not be the best scale to assess behavioural difficulties in children with SAM at discharge. Unfortunately our sample size was to small to investigate any differences in emotional and behavioural problems between children with kwashiorkor and marasmus. Additionally, our sample size might also have been too small to identify differences in our observation scale between marasmus and kwashiorkor.
Limitations of this study
Limitations of our study include its cross-sectional design and the assessment of developmental and problems only at discharge from the ward. We did not have any previous details about the development of the child before admission and no details about the home environment. Our findings regarding a significant difference in language delay between the children in the marasmus and kwashiorkor group might also have been explained by the age difference between both groups. The kwashiorkor children were significantly older although the MDAT z-scores are adjusted for age. Unfortunately, our sample size was determined by the main trial so for an age-stratified analysis our sample size was too small.
It is likely that some developmental domains will continue to improve during the final few weeks of nutritional rehabilitation in the community [45] . This is especially true since WHO guidelines do not encourage using target-weight as hospital discharge criteria and admission to hospital is much shorter than it was a decade ago [21] . Despite clinical stabilization and improved appetite, children with SAM are still very brittle on discharge.
Our study has utilized a well-validated African developmental assessment tool, the MDAT, as an outcome measure however behaviour was measured using the SDQ, which has only been translated and not validated in Malawi. There are currently no SDQ cut-off scores available for Malawi, so it is unclear how many children with complicated SAM had SDQ scores in the clinical range. This may have led to a lack of significant results from this perspective. The five questions in the observation of child and maternal behaviour were not validated in this study and could have been confounded by how well the child performed on the MDAT test. Because our sample size was lower for children with marasmus, our power estimate was probably <0.80 to correctly identify a difference between children with marasmus and kwashiorkor.
Finally, we assessed only children with complicated SAM: these are by definition the most vulnerable and findings should not be directly extrapolated to the much wider group of children with uncomplicated SAM who are treated as outpatients under current protocols [46] .
CONCLUSIONS
Findings from this study demonstrated that children with SAM have severe developmental delays after a hospital admission. Future research should focus on the longer-term developmental and behavioural follow-up outcomes of children with SAM in a Sub-Saharan African setting. These results demonstrate the need for developmental interventions during treatment of SAM in a hospital or community setting. Both McGregor' s and Nahar' s study identified significant differences in child development outcomes between children with SAM who received an intervention and children who did not. However, both studies were not randomized and had other limitations for example a high level of selection bias and attrition bias [47] . Therefore there is a high need for randomized intervention studies testing the efficacy, effectiveness and cost-effectiveness of various developmental support packages [48] . Our study identified a high proportion of children with pre-existing neurodisabilities (18%), future research should also investigate psychosocial interventions specifically targeted for these children. Developmental interventions need larger investments in staff and training to ensure that they are implemented and maintained in the many centres which see children with SAM to allow for the full development of these vulnerable children in order to improve future human capital and potential.
